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OPPORTUNITIES FOR CERAMICS IN THE ERDA/NASA 
CONTINUOUS COMBUSTION PROPULSION SYSTEMS PROGRAM / 


Charles P. Blankenship, NASA-Lewis Research Center 
Robert B. Schulz, ERDA-Transportation Energy Conservation Division 


INTRODUCTION 

The ERDA/NASA Continuous Combustion Highway Vehicles Program is directed toward 
reduced fuel consumption in highway vehicles. Both the gas turbine and Stirling engines 
are of immediate interest because of their potential improved fuel economy as compared 
to current autoTOtive powerplants. Project management of this ERDA-funded program has 
been assigned to the NASA-Lewis Research Ce r ter. The prime objective of thi-s program 
is to help industry establish the technological position necessary to have the option 
of gas turbine and/or Stirling powerplant production. Specific program goal;s are di- 
rected at improved fuel ecor.ory, low emi ss ions , multifuel capability, and marketability. 

For example, a 20-30 percent gain in fuel economy i targeted for an "Improved engine" 
option by 1 982-83 . For the late 1980's, a 50-60 percent gain in fuel economy is targeted 
for "advanced engine" systems. 

High temperature ceramic -aterials are expected to receive major emphasis in devel- 
oping both improved and advanced gas turbine and Stic-ling engines in this program. The 
use of ceramics provides the opportunity to achieve higher operating temperatures which 
contributes directly to ir,prc/:ng the thermodynamic efficiency of these engires, and 
thus their fuel economy. Also, the use of ceramics instead of superalloys usually 
e-ployed in these applications offers the potential of reduced material costs and re- 
duced demand for critical alloy metals such as chromium, nickel, and cobalt. Potential 
high temperature structural ce r amics such as silicon nitride and silicon carbide are 
derived from relatively aburca-t and low cost elements. In addition to higher operating 
temperatures , greater efficie'cies are expected in engine components through i-p-cved 
designs and operating characte- ist i cs . 1 i 

• 

This paper presents an overview of the program scope with e-phasis on the e-qine 
development projects and key opportunities for potential use of ceramics. A -a .‘or 
ceramics materials technolog/ c*' f ort is also described which will be conducted to -eet 
anticipated engine systc r^-, -e*ents. We conclude with com-ents relating to fe unique 
nature of thi*. program in te--s of the automotive application, some of the mo-e pressing 
technology needs, and some i^d cat ions of how we pr?an to condu/tt this technolog/ program 
with industry. • , 

ENGINE DEVELOPMENT PROJECTS 

Engine development projects will focus on both gas turbine and Stirling e-gires. 

Both of these engines are considered to be promising fuel -efficient engines t*"at could 
be mass-produced and sold as alternatives to the conventional internal combustion e"gine 
for introduction in autonof’es in the 1985-1590 tine frame. The engine deve ’cy-ern 
projects are to be conduc*ed tv the industry through qovern-eot -funded cont-itts. 
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Emphasis in these project* will be to assist the automotive industry in achieving the 
technology base needed for a production option of alternative automotive propulsion 
systems. Efforts for both "improved engines" (for possible use in the mid-1980's) and 
"advanced enqines" (for potential use in the 1 990 * s ) are planned as outlined in the 
following sections. Improved engines are classed as existing development engines that 
would be upgraded without significantly changing their principal design features. Ad- 
vanced engines would evolve from new engine design concepts. 

Improved engine development projects . This part of the program will emphasize im- 
provements in current development engines or new engines to meet the near term, 1 982-83 
qoal of a 20-30 percent gain in fuel economy. Existing and near-term technology would 
be used to achieve this and other program goals. Ceramics are expected to receive major 
emphasis in improving the performance of these engines, but ceramic co ponents are likely 
to be used on a selective basis. One approach would be to introduce ceramics into the 
engine on a co~.ponent-by-component basis and thereby provide for incremental Improvements 
In engine performance. 

Specific opportun i t ies for ceramics in this type of program will be illustrated 
using as an example the 1 1 proved Heavy Out/ Gas Turbine Engine Program. This program 
is being conducted by Detroit Oiesel All i s i on (DDA) under NASA contract (NAS3-20CC4) and 
is part of the ERDA/NASA Continuous Combustion Propulsion Systems Program. The goal of 
the heavy duty engine program is to advance automotive gas turbine systems technology 
and to significantly improve the specific fuel consumption of OOA's 4o**/505 industrial 
gas turbine development engine from its current level of 0.1*5. Thjs engine is contem- 
plated for highway truck and bus applications. A step-type program is planned which 
consists of advancing the turbine inlet temperature from the current level of 1 . I835°F to 
1900°F, to 2070°F, to 2265°F, and possibly to 2500°F. Each step of increasing tempera- 
ture involves introduction of additional caramic components in the hot section of the 
engine. A ceramic regenerator disk, a ceramic gasifier nozzle, and a ceramic gasifier 
tip shroud would be required to achieve the 1900°r increment followed b/ a ceramic 
combustor plenum and ceramic gasifier rotor blades to achieve the 2070°F operating 
temperature. At the highest temperature, *ost components in the hot section would be 
ceramic. In the current study phase of this project, ‘the potential benefits of in- 
creasing cycle temperature amj adding ce-amic components are being evaluated in terms 
of life-cycle-costs. These res.lts will be used to help guide subsequent phases of the 
program which will involve ce-a-ic co~;o"3.mt design, fabrication, and testing. Both 
engine and vehicle demonstrations are to be made at each major step of the improved 
engine development project. 

Other govern-ent-supported projects are planned', to develop irproved gas turbine 
engines for automotive use. T-ese prog-a-s will be conducted by the automotive industry 
through contracts with NASA. Sera~ics are expected to be utilized for selected hot 
section components. Like tre previous e*a~ple given, these improved engine projects 
will contain significant ef f or*s in ce-i-ic technology development covering material 
improvements, charact 'izatio-, co"'. '“•’t 'abrication, and engine testing. 


For the Stirling engine, -troduct on of ceramic components is planned to develop 
an improved engine by 1992. nowever, t~e introduction of ceramics in this engine is 
expected to be limited to t-e c r e- h eater to ninimize the highef risk associated with 
this engine development prog-a*. Bo!* - rotary regenerator and fixed recuperator concepts 
will be considered. 


Advanced engine develo 



advanced propulsion syst<r-$ 
definition projects will «e 
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that time, the governmerjJ, with inp>it from indus<ry, would determine merits of continuing 
the support of the advanced engine development program with a view toward achieving an 
early 1990 production possibility. Key factors in this decision would include fuel 
economy projections, potential marketability of the advanced engines, and projected 
national needs. 

The "advanced engines" are expected to operate at higher temperatures and require 
more ceramic components than envisioned in the "improved engines." For advanced gas 
turbine engines, all hot section components are likely to be ceramic. A ceramic turbine 
rotor, essential for an all-ceramic turbine, is judged to be the most difficult technol- 
ogy development. 


CERAMIC MATERIALS TECHNOLOGY PROJECT 

The ceramics materials technology project is expected to provide technology for both 
the improved and advanced engine programs with emphasis on the latter. A broad-based 
effort is planned to include in-depth characterization of various ceramic materials, 
development of improved ceramic materials and processes as well as component design, 
fabrication, and testing. A brief outline of the planned efforts covering these three 
principal areas is provided in the following sections. Areas of technology emphasis 
are also noted. The major portion of this activity will be accomplished by industry 
through government-funded contract programs. 

Characterization of ceramic materials . This technology area covefts the in-depth 
character i zat ion of mechanical and physical properties of current ancf advanced structural 
ceramics that have potential for engine applications. Maintaining a design data-base on 
candidate ceramic materials is viewed as a key area in this part of the program to 
provide input to the engine design activities. In addition, the durability of ceramics 
in terms of the effects of long-time engine exposure on mechanical properties and 
stability will be evaluated. Other efforts will include non-destructive evaluation, 
fracture mechanics, I i f e-pred i ct ion methodology , and reliability analytes. 

Improved ceramic materials . Efforts in this area will focus on developing improved 
ceramic materials to better meet *'uture automotive requirements. For example, higher- 
density reaction-sintered silicon nitride is desirable for both improved strength and 
oxidation resistance. A project to achieve this would include optimization of the 
silicon powder particle size and distribution, refinement of the molding process, and 
improvement of tne understanding and control of the nitradation step. Similar tech- 
nology efforts can easily be identified for other candidate materials such as silicon 
carbide and the oxide ceramics. «nile improved material properties will be emphasized, 
the applicability and economic viability of the related fabrication technology for the 
improved ceramic material will receive appropriate attention. Fabrication processes 
associated with improved materials -jst have potential for low cost and high volume 
production capability. • * 

Component design, fa*~r i cat 'c*. a"d testing . Technology progra~s in this category 
reflect the need to obtain a st rc-g technology base in ceramic component performance. 
Efforts in this area may not be related to specific engine designs, ^but they will 
address key issues such as veri* cation of ceramic design concepts and component reli- 
abil it/ under operating conditic-s. Riq testing of components will be used as appropriate. 
Ceramic manufacturing technology t* lop-ent will also be included to better match new 
component designs with fabricate- p-ocesses. Ceramic component manufacture at reason- 
able cost and high reliability will *- avC to be demonstrated in order for the industry 
to have a viable engine option. The development of low-cost manufectur i ng technology 
as well as the component denonstra. -n technology will be included in this part of 
the program. 
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C jSC LUDl NG REMARKS 


This paper is intended to ce »n overview of the ERDA/NASA Program which is in the 
early phase of planning and ■ i erent at ion . Obviously, there will ee changes in specific 
details as the program projre.ses and as technology needs are better defined. The strong 
technical reasons for u>ir<q ce-a > n the program are probably obvious to this audience. 
Also, current ceramic materials tit are likely candidates for the engine components 
noted are well known to this grc.^ For these reasons, we have not attempted to relate 
the merits of any one candidate ceramic Material nor to provide a review of the status 
of ceramics for engine appl icat s. (A list of references is provided for those want- 
ing additional background). 

Several technology program »/e provided much of the Impetus and a degree of 
optimism that ceramics can r.i„ zt considered as viable structural materials in high 
performance applications suer advanced automotive engines. The -ost notable include 
the ARPA/Ford Brittle Material 1*. 3 rogra and the recent ly- i ni t i ated ARPA/AiRescarch 
Ceramic Engine De onstration »-c -a-. Bath of these programs have ..ell defined objec- 
tives. And tiey are distinct!/ : . * rerent in scope when compared to the ERDA/NASA 
Program. The ARPA programs wi 1 » c-iminate in 50 to 200 hour engine tests to demonstrate 
the feasibility of using ceramic cp-ponents in turbine engines. Hc/.ever, the ERDA/NASA 
Program will concentrate on the tec-.npiogy needed to ultimately use reliable, cost- 
effective ceramic components Jr, k-tprobi le engines for 3000 to 4000 hours of engine 
operation that includes about engine start-ups and shut-downs. These Often 

conflicting requirements of good endurance, high reliability, and low cost present a 
very formidable challenge in developing the technology for ceramic use in automotive 
app 1 1 cat ions. 

One of the first steps in :*.e I-OA/NASA ceramic technology program -v i 1 1 be to eval- 
uate the effects of long-ter* :,z c s.-.posure (3000-4000 hrs.) to sl-Jated engine 
environment on mechanical ?rcpe*:'s> a _ d structural stability of candidate ceramic 
materials. We want to identify cctc'tial problems associated with the long-life, cyclic 
requirements of an automobile e-g'-» early in the technology program. For example, the 
loss in strength (about 30 per;?-*. z : not pressed silicon-nitride, a candidate 
structural cera-ic, after expcc.-; * air at 2000°F for about 400 hours was only 

identified recently. I dent i*" bat c* o* potential problems of this t/zs is needed early 

to properly direct the activit :e undertaken In the improved ceramic materials 

part of the technology progra - . 

Design methodology for st-.cd.'al ceramics is another key ares of concern to be 
addressed in both the engine de.s ::~ent and supporting technology crog-jms. The 
probabilistic design approach <• . : - the ARPA/Ford proqram provides a well-founded 

technical base. Our i-mediate -»»: c-en is to assess these concepts t-rough extended 
rig and engine tests of co »-d determine their applicability ( o r the auto-ot i ve- 

type app I i cat ion . 

Reliability of cera* Cs r : * * cost-effectiveness in the autcotive application 

will be the keys to their succes : Current statg-of-technotogv -axes it difficult 

to real ist ical ly assess cit‘e- • --ese '.actors. Ceramic eng i re* ccTonents , except 
perhaps rotary heat exchangers, -*,• -g t been manufactured or tested : n quantities 

sufficient to assess either -e a- *. or cost. Early in t^e orgg-a*, we expect to he 

in a position to focu parr * • - .-ces ; n initiating this acsesf'ent. This "a / 
be acco-pl • shed partly thro..- v* e-g -9 development projects a-d partly through 
the ceramics technology pro,-:*'. - c -t'nual update of the rejiabil'ty and cost 

factors will have to be -air'* - e |p provide proper focus ard program direction. 

Finally, we have not at d — :**d to -»V» a clear distinction In boundaries he* een 
the eng ; r« deve'o'-ent o r - • fe re-a-ic -aterials technology c-ojects. Ce'a- ; c 

materials evaluation will pt. a _ a r t of both. T^-r* w : '’ te co*re una ;o : deb ’• 

duplication of e ff ort. • •» -".-t c-al, but warra-ted, order to cc " ‘ — 1 t u e 
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performance of candidate cera ic raterlals. Our intent to assist the entire automotive 
industry further complicates this problem since there will be several companies partici- 
pating in the automotive c ntlruc.s c< Lustion engine technology program. Identical 
ceramic materials are likel* to be selected by two or more companies for the sa i compo- 
nent but with differing designs, Also, manufacturing technology efforts and design data 
are likely to be similar, .r .onsidering a different aspect, the same four candidate 
materials might be selected for evaluation by several companies. Obviously, the solution 
to minimizing duplication of effort in this type of program Is certainly not straight- 
forward. But one part ot the potential duplication that can most easily be avoided Is the 
Obtaining of engineering !e - data. One or tore independent laboratories could be 
'urged to generate the iO data ’or tnc entire industry for all candidate ceramics. So 
•e are evaluating t h ■ a. rij otters to provide a reasonably-balanced pre.ram 

with industry. Thus, a a ior :a-t of our job in managing this program will be to 
minimize duplication while at tre seme time truly assisting the industry In achieving 
t^e technology required to ‘a.e in option of advanced engine production to enhance our 
national energy posture. 
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